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Description 

Field  of  the  Invention: 

5  This  invention  relates  to  improvements  in  the  automated  control  of  electrolytic  smelting  cells  for  the  production  of 
aluminium. 

Background  of  the  Invention: 

10  The  control  of  electrolytic  cells  in  the  production  of  aluminium  is  influenced  by  both  short  term  and  long  term  process 
parameter  changes.  In  the  short  term,  bath  superheat,  alumina  concentration  and  anode  to  cathode  distance  (ACD) 
need  constant  monitoring,  while  longer  term  control  is  required  for  metal  depth  and  the  composition  and  volume  of  the 
electrolyte  in  the  cell.  Operating  abnormalities  also  require  attention,  such  as  sludging,  anode  effects  and  their  frequency, 
and  the  short  circuiting  of  the  current  between  the  anodes  and  the  metal  pad. 

is  The  complexity  of  the  interrelationships  between  the  dependent  and  independent  variables  in  the  smelting  process 
are  illustrated  in  Chapter  9  of  "Aluminium  Smelter  Technology"  -  Grjotheim  and  Welch  -  Aluminium  -  Verlag,  1  988,  and 
this  chapter  provides  a  useful  summary  of  the  currently  utilised  control  strategies.  This  summary  and  the  proliferation 
of  literature  on  the  subject  further  illustrate  the  complexity  of  the  problem  and  the  absence  of  a  strategy  that  provides  a 
satisfactory  level  of  control  resulting  in  constantly  high  efficiency  levels. 

20  Numerous  examples  of  control  strategy  proposals  are  also  to  be  found  in  the  patent  literature.  Recent  examples 
include  U.S.  Patent  No.  4,654,129  Leroy  which  describes  a  process  involving  periods  of  over  supply  and  under  supply 
to  maintain  the  alumina  concentration  in  the  cell  within  a  narrow  range  by  monitoring  the  rate  of  change  of  the  resistance 
of  the  cell.  This  process  relies  for  its  success  on  the  use  of  point  feeding  of  alumina  to  the  cell,  and  it  is  not  therefore 
useful  for  cells  without  point  feeders.  Also,  since  in  this  strategy  it  is  critical  to  maintain  the  alumina  concentration  within 

25  a  narrow  range,  the  strategy  suffers  if  the  concentration  moves  outside  that  range  and  it  is  often  difficult  to  restore  the 
system  to  its  optimum  operating  conditions. 

U.S.  Patents  4,008,142  and  4,024,034  Doring  et  al,  use  the  concept  of  constant  anode-cathode  distance  to  adjust 
cell  resistance  according  to  the  known  or  assumed  electrochemical  voltage  breakdown.  Anode-cathode  distance  ad- 
justment  is  made  in  cases  where  current  efficiency  (by  metal  production  measurement)  is  less  than  expected  theoreti- 

30  cally.  Automatic  adjustment  of  voltage/cell  resistance  in  response  to  noise  on  the  signal  is  also  indicated.  However,  no 
attempt  is  made  to  calculate  the  heat  or  alumina  balances  or  to  make  furnace  adjustments  on  this  basis,  with  the  ex- 
ception  of  adjustment  of  cell  resistance  on  the  basis  of  long  term  running  metal  production  figures.  This  does  not  con- 
stitute  a  calculation  of  the  energy  balance  or  process  energy  requirement. 

In  U.S.  Patent  4,766,552  Aalbu  et  al,  the  resistance/alumina  concentration  curve  is  used  to  control  alumina  con- 
35  centration  on  point  feed  cells.  A  linear  model  of  the  cell  resistance  variation  is  set  up  using  the  resistance  slope  as  a 

parameter.  By  fitting  the  model  to  continuous  resistance  measurements,  the  slope  is  estimated.  However,  this  strategy 
does  not  ensure  that  the  resulting  slope  is  related  only  to  alumina  concentration,  in  fact  it  assumes  this  one  to  one 
relationship.  Anode  movement  is  included  in  the  fitted  algorithm  and  other  disturbances  are  filtered  by  reducing  the  gain 
of  the  fitting  functions  when  they  occur.  This  procedure  is  very  complex  and  could  be  prone  to  error.  In  addition,  the 

40  strategy  does  not  attempt  to  maintain  heat  balance  within  the  cell. 
US-A-3812024  (Goodnow  et  al.)  describes  a  method  of  controlling  an  alumina  reduction  cell  wherein  a  base  level 

resistance  RB  and  a  smoothed  cell  resistance  R1  are  periodically  determined  from  the  electrical  parameters  of  the  cell, 
the  difference  AR  between  the  lowest  RB  value  and  R-,  is  periodically  determined,  and  said  difference  is  compared  with 
a  criterion  difference  value  AR*  for  feeding  alumina  to  the  cell.  When  the  measured  difference  exceeds  AR*,  alumina  is 

45  fed  to  the  cell.  The  criterion  difference  AR*  is  corrected  for  fluctuations  in  cell  resistance,  cell  voltage  and  cell  current. 
US-A-4425201  (Wilson  et  al)  describes  a  method  for  improved  alumina  mass  balance  control  in  aluminum  electro- 

lytic  cells.  The  method  comprises  the  steps  of:  (i)  making  multiple  readings  of  cell  resistance  over  time;  (ii)  carrying  out 
a  linear  least-squares  regression  on  the  resistance  measurements  to  determine  an  average  rate  of  change  g  of  the 
resistance  and  a  least-squares  correlation  coefficient  h;  and  (iii)  comparing  the  average  rate  of  change  of  the  resistance 

so  g  with  a  predetermined  limiting  value,  and  carrying  out  an  alumina  feed  if  the  value  of  g  exceeds  the  predetermined 
value  and  the  correlation  coefficient  h  also  exceeds  a  predetermined  value. 

The  method  of  US-A-4425201  deals  with  discontinuities  in  the  cell  resistance  due  to  operator  interventions  or  anode 
bridge  adjustments  by  increasing  the  minimum  value  of  the  correlation  coefficient  h  when  an  operator  intervention  is 
detected.  Accidental  break/feed  operations  are  further  reduced  by  defining  a  maximum  rate  of  change  g  of  the  cell 

55  resistance.  If  the  measured  g  exceeds  the  maximum  value,  then  no  break/feed  operation  is  carried  out  because  it  is 
assumed  that  the  high  value  of  g  is  due  to  anode  bridge  adjustment  or  to  operator  intervention. 

DE-A-2335028  describes  a  method  for  controlling  the  heat  balance  of  an  aluminium  smelting  cell.  The  method 
comprises  the  steps  of:  measuring  the  electrical  energy  supplied  to  the  cell  over  successive  time  intervals;  comparing 

2 
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the  measured  energy  with  predetermined  optimum  energy  supply  for  the  same  interval;  adding  any  difference  between 
the  measured  and  predetermined  energy  values,  with  appropriate  sign,  to  a  cumulative  total;  and,  when  the  cumulative 
total  exceeds  a  predetermined  value,  increasing  or  decreasing  the  average  interpolar  distance  to  achieve  a  rate  of 
energy  supply  more  nearly  equal  to  the  desired  rate. 

5  It  is  an  object  of  the  present  invention  to  provide  an  improved  process  for  controlling  aluminium  smelting  cells  in 
which  the  mass  balance  of  the  cell  is  comprehensively  controlled. 

The  present  invention  provides  a  process  to  control  the  operation  of  an  aluminium  smelting  cell,  comprising  the 
steps  of: 

10  (i)  continuously  monitoring  cell  voltage  and  current, 
(ii)  calculating  the  resistance  of  the  cell  from  the  monitored  cell  voltage  and  current, 
(iii)  calculating  the  rate  of  change  of  cell  resistance  (raw  resistance  slope)  and  a  smoothed  value  of  said  resistance 
slope, 
(iv)  utilising  the  smoothed  resistance  slope  values  to  maintain  mass  balance  in  the  cell,  including  the  step  of  search- 

's  ing  the  smoothed  resistance  slope  for  values  exceeding  a  predetermined  slope  chosen  to  indicate  alumina  depletion. 
(v)  monitoring  cell  process  operations  including  alumina  additions,  electrolyte  bath  additions,  anode  changes,  tap- 
ping,  beam  raising  and  anode  beam  movement, 
(vi)  delaying  the  calculation  of  resistance  slope  and  smoothed  resistance  slope  for  a  predetermined  time  when  any 
one  of  said  monitored  cell  process  operations  occurs,  and 

20  (vii)  recalculating  said  cell  resistance  slope  and  smoothed  resistance  slope  after  said  predetermined  time  delay  so 
that  the  smoothed  slope  is  unaffected  by  process  changes  with  the  exception  of  alumina  depletion. 

It  will  be  appreciated  that  the  monitored  cell  process  operations  cause  significant  variations  in  the  calculated  resist- 
ance  and  the  resultant  resistance  slope  such  that  the  latter  parameter  no  longer  provides  an  accurate  reflection  of  the 

25  alumina  concentration  in  the  cell.  By  delaying  calculation  during  the  process  event  for  a  predetermined  time  sufficient 
for  the  resistance  value  to  again  become  relatively  stable,  and  then  recommencing  calculation  of  the  resistance  slope, 
an  'intelligent'  smoothed  resistance  slope  can  be  obtained,  and  the  electrolyte/alumina  mass  balance  may  be  maintained 
notwithstanding  the  effect  of  the  process  operation. 

The  predetermined  time  delay  will  vary  having  regard  to  the  detected  operation  since  different  operations  have 
30  different  effects  on  the  stability  of  the  resistance  value.  In  one  particular  cell  (Type  VI  design),  the  following  delays  have 

been  found  to  be  satisfactory  after  completion  of  each  operation: 

35 

Operation  Delay 
ACD  change  :  60  sec. 
Alumina  feed:  60  sec. 
Anode  set  :  120  sec. 
Beam  raise  :  120  sec. 
Bath  Addition  :  300  sec. 

40 
In  a  preferred  form,  the  resistance  of  the  cell  is  calculated  using  a  known  formula  which  compensates  for  the  con- 

tinuously  calculated  back  EMF  of  the  cell,  as  will  be  described  further  below.  The  resistance  values  are  filtered  using 
digital  filtration  techniques  in  a  manner  which  smooths  random  and  higher  frequency  pot  noise  while  adequately  re- 
sponding  to  step  changes  and  the  resistance  disturbances.  This  filtered  resistance  is  used  for  automatic  resistance 

45  control.  The  resistance  slope  is  calculated  from  raw  (unfiltered)  resistance  values  as  described  further  below  and  similar 
digital  filtration  is  used  to  continuously  calculate  smoothed  resistance  slope  values. 

The  smoothed  resistance  slope  is  searched  for  values  exceeding  a  predetermined  slope  which  is  chosen  to  indicate 
concentration  polarisation  and  alumina  depletion.  Different  forms  of  alumina  search  may  be  used,  and  these  are  de- 
scribed  in  greater  detail  in  the  following  specification. 

50  The  invention  also  provides  a  system  for  controlling  the  operation  of  an  aluminium  smelting  cell  comprising  suitable 
means  for  performing  each  of  the  steps  defined  above. 

The  cell  voltage  is  preferably  monitored  to  determine  the  existence  of  low  frequency  or  high  frequency  noise  in  the 
voltage  system. 

The  invention  also  provides  a  system  for  controlling  the  operation  of  an  aluminium  smelting  cell  comprising  suitable 
55  means  programmed  for  performing  each  of  the  steps  defined  above. 

It  will  also  be  noted  that  if  low  frequency  voltage  noise  is  above  a  predetermined  threshold,  the  smoothed  resistance 
slope  thresholds  for  low  alumina  concentration  are  raised.  The  critical  slope  threshold  for  one  pot  group  under  test  was 

3 



EP  0  386  899  B1 

0.025  u.Q/min.  at  voltage  noise  levels  below  the  noise  threshold  of  0.25  u.Q/min.  When  the  low  frequency  noise  exceeds 
the  above  threshold,  the  base  slope  threshold  is  ramped  by  an  amount  proportional  to  the  amount  by  which  the  noise 
signal  exceeds  the  predetermined  threshold.  The  maximum  increment  of  the  ramp  is  0.05  u.Q/min.  and  occurs  at  a  low 
frequency  noise  level  of  0.50  u.Q/min.  The  filtered  slope  is  again  compared  with  the  incremented  threshold  and  if  it  is 

5  found  to  be  greater  than  the  threshold,  the  alumina  inventory  is  then  considered  to  determine  whether  or  not  the  cell  is 
overfed.  If  this  determination  is  in  the  negative,  the  control  system  instructs  a  specific  form  of  alumina  feeding  cycle  to 
be  effected  -  this  is  either  an  end  of  search  or  an  anode  effect  prediction  feeding  cycle. 

Long  term  heat  balance  is  achieved  in  a  further  control  strategy  element  which  causes  adjustment  of  Qtarget* 
based  on  the  data  derived  from  the  resistance  measurements  monitoring  the  resistivity  of  the  cell  in  the  manner  described 

10  in  greater  detail  below. 

Brief  Description  of  the  Drawings: 

A  presently  preferred  embodiment  of  the  invention  will  now  be  described  with  reference  to  the  accompanying  draw- 
's  ings  in  which: 

Figure  1  is  a  diagrammatic  representation  of  the  three  control  functions  and  their  interactions,  as  performed  by  a 
preferred  embodiment  of  the  control  system  according  to  the  invention; 
Figure  2  is  a  schematic  diagram  showing  the  test  control  system  used  on  an  operational  pot; 

20  Figure  3  is  a  diagrammatic  graph  showing  one  form  of  alumina  concentration  search  (SFS)  and  anode  effect  pre- 
diction  (AEP)  performed  by  the  system  embodying  the  invention; 
Figure  4A  is  an  operational  graph  of  resistance  values  against  time  showing  an  alternative  method  of  searching  for 
alumina  concentration  (namely  underfeed/overfeed  for  point  feeders)  by  the  control  system  embodying  the  invention; 
Figures  4B  to  4E  are  schematic  graphs  showing  one  example  of  low  frequency  noise  calculation. 

25  Figures  5A  and  5B  show  bath  resistivity  and  rate  of  change  of  resistivity  )  Qtarget*  daily  mean  Qavail  ar|d 

%  excess  AIF3  of  the  bath  for  two  consecutive  months. 
Figure  5C  shows  bath  resistivity,  Qjarget  apd  %  excess  AIF3  of  the  bath  over  a  one  month  period. 
Figure  6  is  a  diagram  showing  the  calculated  energy  impact  or  process  energy  requirement  (and  hence  compen- 

30  sating  action)  for  feeding  a  test  cell; 
Figure  7  is  an  operational  diagram  showing  the  breakdown  of  calculated  energy  absorbed  or  process  energy  require- 
ment  in  a  test  cell  over  24  hours; 
Figure  8  is  an  operational  diagram  showing  the  test  cell  response  under  the  control  system  of  the  invention  over  24 
hours,  and 

35  Figure  9  shows  operational  diagrams  illustrating  the  detail  of  a  stop  feed  search  for  alumina  control  of  a  test  cell. 

In  the  following  description,  one  embodiment  of  a  control  system  under  test  on  a  working  cell  will  be  described  in 
some  detail.  In  describing  the  control  system,  it  will  be  assumed  that  the  reader  is  already  aware  of  the  operation  of  an 
aluminium  reduction  cell  and  the  standard  methods  of  monitoring  cell  voltage  and  current,  and  the  standard  methods 

40  of  calculating  the  cell  resistance.  Accordingly  these  aspects  will  not  be  described  further  in  this  specification. 
Referring  firstly  to  Figure  1  of  the  drawings,  the  control  system  embodying  the  invention  is  shown  in  simplified  flow 

diagram  form.  Before  proceeding  with  a  detailed  description  of  the  control  system,  a  general  overview  of  the  system  will 
be  provided. 

One  aim  of  the  control  system  is  to  maintain  a  cell  at  thermal  steady  state.  That  is,  the  rate  of  heat  dissipation  from 
45  the  cell  should  be  maintained  at  a  constant,  target  value.  For  the  control  system  the  heat  available  for  dissipation  from 

the  cell  (QD,  (kW))  may  be  defined  as:- 

QD  =  <vc  "  (re  x  1  1  100°))  x  I  -  (QF  +  Qs  +  QA  +  QM)  (1) 

where, 
50 

Vc  =  cell  voltage  (V) 
RE  =  metered  external  resistances  (eg  rods,  buswork)  (uOhm) 
I  =  line  amperage  (kamps) 
QF  =  alumina  dissolution  power  (kW) 

55  Qs  =  anode  setting  power  (kW) 
QA  =  power  for  AIF3/cryolite  heating  and  dissolution  (kW) 
QM  =  remaining  process  enthalpy  requirements  (chemical  reaction  for  metal  production)  (kW) 

4 
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'Vc',  'RE',  and  T  can  be  measured  readily.  The  various  components  of  the  enthalpy  of  reaction  (QF  +  Qs  +  QA  +  QM) 
can  also  be  calculated  quantitatively  using  the  thermodynamic  cycle  for  reduction  of  alumina  by  carbon  [see  Grjotheim 
and  Welch,  Aluminium  Smelter  Technology  1  988  pp  1  57-1  61  )],  the  amperage  T  and  a  specified  current  efficiency  (CE). 
Factors  such  as  the  carbon  ratio  and  the  AIF3  consumption  vary  significantly  between  plants.  This  will  alter  the  calcu- 
lations  used.  The  enthalpy  components  presented  in  Table  1  were  calculated  for  the  applicant's  Bell  Bay  smelter. 
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The  time  over  which  energy  is  consumed  by  an  individual  process  event  must  be  defined  in  addition  to  the  amount 
of  energy  consumed.  In  the  control  system  this  was  achieved  by  distributing  the  total  energy  requirement  of  setting, 
feed  or  additions  over  predefined  periods.  Figure  6  illustrates  the  feed  energy  distribution  for  a  Bell  Bay  breaker  bar  cell. 
Note  that  the  energy  balance  was  integrated  over  each  10  minute  period  and  converted  to  power  units. 

5  In  addition  to  the  calculations  in  the  previous  section,  other  components  were  required  for  the  application  of  the 
control  strategy  in  practice. 

Firstly,  the  dynamics  of  the  reduction  cell  and  control  system  meant  that  maintaining  an  'instantaneous'  energy 
balance  was  not  possible.  For  example,  during  cell  trials  the  energy  absorbed  by  a  cell  was  calculated  over  ten  minute 
intervals  and  anode  beam  movements  were  carried  out  at  five  minute  intervals.  Hence  responses  to  events  were  delayed 

10  by  up  to  1  5  minutes.  Further  the  rate  and  range  of  target  resistance  changes  were  limited,  and  the  line  current  variation 
for  subsequent  ten  minute  periods  did  not  allow  accurate  elimination  of  an  energy  imbalance.  As  a  result,  an  integral  of 
the  power  imbalance  was  used  to  modify  the  target  resistance  of  the  cell.  That  is:- 

=  ( 0 . ^ - 0 . ^ x 0 . 6 ^   xc  (2) 
15  where, 

E;  =  integral  after  ith  10  minute  interval  (MJ) 
Ej.-i  =  integral  after  (i-1)th  10  interval  (MJ) 
c  =  integral  decay  factor 
QT  =  target  heat  dissipation  (kW) 
QDi  =  heat  available  for  dissipation  for  ith  10  min.  interval  (kW) 

Cell  resistance  was  increased  for  E;  <  0  and  reduced  for  E;  >  0.  Note  that  a  decay  factor  ('c')  was  included  in  Eqn  (2). 
This  was  a  recognition  that  when  an  energy  imbalance  in  a  cell  persisted,  the  energy  balance  was  partly  self-correcting, 
(ie  A  cell  loses  more  heat  if  it  gets  hotter.) 

A  second  additional  component  allowed  control  of  the  magnitude  of  the  various  discontinuous  energy  responses. 
This  was  necessary  in  order  to  model  the  thermal  response  of  the  electrolyte  to  localised  disturbances  or  material  ad- 
ditons.  For  example,  the  extra  heat  needed  at  an  anode  after  setting  is  supplied  to  the  bath  volume  throughout  the  cell 
and  may  have  deleterious  effects  elsewhere.  Also  the  process  engineer  may  wish  to  reduce  the  amount  of  anode  beam 
movement  by  damping  the  cell  response  to  individual  events.  As  a  result,  coefficients  (range  0  to  1  )  were  introduced  to 
tune  the  instantaneous  calculations  (thus  system  responses).  Energy  requirements  for  feed,  setting  and  additions  were 
divided  into  instantaneous  and  background  (constant)  power  inputs.  The  various  background  power  inputs  were  calcu- 
lated  from:- 

(1)  Feed  -  line  amperage,  CE  (monthly  average). 
(2)  Additions  -  line  amperage,  CE,  addition  rate  per  kg  of  metal  (monthly  average). 
(3)  Anode  Setting  -  anode  size,  number  of  anodes,  setting  'rota'. 

The  final  necessary  component  of  the  control  system  was  a  feed  control  technique  which  permitted  regular  anode 
beam  movement  while  monitoring  alumina  concentration  -  thereby  allowing  the  cell  energy  balance  to  be  always  under 
control.  Search  techniques  were  developed  with  these  functions,  where  the  target  alumina  concentration  was  detected 
via  a  continuously  calculated  slope  of  resistance.  No  scheduled  anode  effects  (AEs)  were  included  in  the  feed  control 
strategy.  The  associated  large,  uncontrolled  energy  inputs  to  the  process  would  have  been  in  conflict  with  the  control 
philosophy,  and  are  difficult  to  compensate  for  in  the  thermal  balance. 

Referring  again  to  Figure  1  of  the  drawings,  the  control  system  has  three  basic  strings,  the  first  two  affecting  the 
short  term  heat  and  mass  balance  of  the  cell,  and  the  third  affecting  the  medium  to  long  term  heat  balance  of  the  cell. 
The  control  system  is  implemented  using  a  computer  for  monitoring  the  functions  of  the  cell  or  pot  (pot  computer),  such 
as  a  Micromac  6000  computer  suitable  for  the  aluminium  industry,  and  a  supervisory  computer  for  receiving  data  from 
each  of  a  number  of  pot  computers  and  for  instructing  the  pot  computers  to  perform  various  functions. 

Initial  input  data  to  the  computers  includes  target  heat  dissipation  QT,  the  specific  current  efficiency  CE  for  the  cell 
being  controlled,  the  bath  resistivity  target  range  for  the  cell,  thermodynamics  data,  as  described  in  greater  detail  above, 
relating  to  the  cell  and  a  'typical'  back  emf  (EMF)  of  the  cell  calculated  by  regression  in  a  known  manner. 

The  essential  operating  parameters  of  the  cell  are  dynamically  monitored,  and  these  parameters  include:  the  voltage 
of  the  cell  V,  the  current  of  the  cell  I,  alumina  additions,  cell  bath  additions,  operations  such  as  anode  setting,  beam 
raising,  manual  alumina  addition  and  oreing  up,  and  anode  to  cathode  distance  (ACD)  movements.  From  these  dynamic 
inputs,  the  resistance  (R)  of  the  cell  is  continually  calculated  from  (V  -  EMF)/I,  and  the  cell  resistivity  p  is  calculated  from 
(8R/8ACD)A,  where  A  is  the  estimated  area  of  the  anodes  in  the  cell. 
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CONTROL  STRING  1  :  ALUMINA  FEED  CONTROL 

In  the  first  control  string,  the  pot  computer  calculates  the  level  of  noise  in  the  voltage  signal,  0  to  0.1  Hz  indicating 
low  frequency  noise  and  0.1  to  1  Hz  indicating  higher  frequency  noise,  and  further  calculates  the  filtered  rate  of  change 
of  resistance  with  time  (smoothed  resistance  slope)  every  second.  The  basic  steps  in  the  filtered  slope  calculation  for 
each  time  cycle  are: 

(i)  Raw  Resistance  Slope  Calculation. 
Raw  slope  is  calculated  from  the  following  equation: 

S0  =  (R0-R1)/(At(1  +1/y))  EQ(3) 

where 

S0  =  raw  slope  at  (t  +  At) 
R0  =  raw  resistance  at  time  (t  +  At) 
R-i  =  single  stage  filtered  resistance  at  time  t 
At  =  time  interval  of  resistance  polling 
Y=  filter  constant  for  filtered  resistance  (R-,). 

It  should  be  noted  that  the  denominator  in  EQ  (3)  above  represents  the  mean  age  of  the  filtered  resistance  (R-,). 
(ii)  Box  filter  for  out  of  range  raw  slopes: 

The  raw  slope  is  checked  to  determine  if  it  is  within  the  present  box  filter  limits.  If  this  test  fails,  no  further 
calculations  are  made  in  this  cycle  -  the  slope  value  is  assumed  not  to  be  associated  with  changes  in  alumina 
concentration.  In  the  case  of  the  pot  under  test,  the  box  filter  limits  were  -2.0  and  2.0  micro-ohms/minute. 
(iii)  Filtered  resistance  is  recalculated  (for  use  in  the  next  time  cycle). 

R1  =  R1  (1  -  Y)  +  Y  R0  EQ  4 

(iv)  A  three-stage  filter  is  used  to  find  the  filtered  resistance  slope  (called  smoothslope).  For  the  ith  stage: 

Sj  =  Si  (1  -  Y|)  +  YjSH  EQ  5 

where  jt  is  the  pre-set  filter  constant  of  the  ith  stage.  In  the  case  of  one  pot  under  test,  typical  filtration  constants 
are  0.100,  0.050  and  0.095  for  y-|,  Y2  apd  Y3  respectively. 

The  above  operations  adequately  filter  high  frequency  noise  from  the  resistance  signal  to  produce  a  realistic  filtered 
slope  (with  some  lag  from  the  three  stage  filter).  In  addition,  a  delay  mechanism  (discussed  above)  is  included  in  the 
calculations  to  remove  the  effects  of  pot  operations  on  the  slope,  including: 

(i)  break  and  feed  (normal  cycles,  AEP*) 
(ii)  anode  movement 
(iii)  bath  additions 
(iv)  tapping* 
(v)  anode  setting* 
(vi)  beam  raising* 

Slope  calculations  are  stopped  during  these  operations,  and  for  a  pre-set  period  afterwards.  Near  the  end  of  these 
delay  periods,  the  first  stage  filtered  resistance  (R-,)  is  re-set  to  the  mean  of  a  specified  number  of  raw  resistance  values. 
For  the  cases  marked  *,  S-,  to  S3  are  also  zeroed.  In  the  case  of  the  pot  under  test,  the  respective  delays  following  each 
of  the  above  operations  are: 

i)  60  seconds 
ii)  120  seconds 
iii)  300  seconds 
iv)  10  minutes 
v)  120  seconds 
vi)  120  seconds 
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Delay  periods  associated  with  other  operations  include:  When  the  pot  is  put  on  "manual"  for  any  reason,  a  delay  of 
30  seconds  is  introduced. 
When  alumina  is  manually  added,  a  delay  of  120  seconds  is  introduced. 
Similarly  when  oreing-up  is  performed,  a  delay  of  60  seconds  is  introduced. 

5  A  pre-set  delay  is  also  implemented  when  step  ii)  of  the  slope  calculation  fails  to  give  in-range  slopes  on  a  given 
number  of  consecutive  tests.  This  is  intended  to  trap  the  gross  resistance  disturbances  not  initiated/expected  by  the  pot 
computer  (e.g.  sludging  may  cause  an  unpredictable  resistance  response). 

Different  cells  will  require  different  delays  depending  on  their  operational  characteristics  and  specific  bath  volumes, 
and  the  delay  involved  for  each  operation  will  be  empirically  determined  by  a  skilled  operator  for  input  into  the  pot 

10  computer. 
Two  alumina  search  techniques  are  available  on  the  system,  stop  feed  search  (SFS)  and  feed  search  (FDS).  Both 

techniques  terminate  search  on  a  threshold  value  of  increasing  resistance  slope,  implying  low  end  point  alumina  con- 
centrations  and  both  techniques  allow  heat  balance  regulation  (anode  movement)during  the  search.  The  special  features 
of  each  are  described  below. 

15 
i)  SFS 

This  technique  is  essentially  a  stop  feed  during  which  the  filtered  resistance  slope  is  checked  every  second  for 
values  above  the  critical  slope  (critslope)  indicating  alumina  depletion.  Once  the  critical  slope  is  attained  on  a  sufficient 

20  number  of  consecutive  readings,  search  is  terminated  by  initiation  of  an  end  of  search  feed  followed  by  the  resumption 
of  the  previously  nominated  cycle  (see  Figure  3). 

The  search  can  also  be  terminated  (classed  an  unsuccessful  search)  under  the  following  circumstances: 

Cancelled  due  to  time  limitation  (max  search  time). 
25  -  Cancelled  due  to  anode  setting,  tapping,  oreing-up,  bath  additions. 

Cancelled  if  cell  is  switched  to  MANUAL. 

The  unique  features  of  the  SFS  with  respect  to  the  present  invention  are: 

30  1  .  the  ability  to  monitor  and  interpret  the  resistance  slope  through  all  phases  of  the  search. 
2.  the  ability  to  move  the  anodes  freely  through  all  phases  of  the  search. 
3.  the  crit  slope  in  the  search  is  a  function  of  the  voltage  noise  in  the  cell. 

The  SFS  technique  has  been  applied  to  both  breaker  bar  and  point  feed  cells. 
35 

ii)  FDS 

This  is  a  more  complex  search  procedure  but  one  which  has  the  potential  for  fine  alumina  concentration  control  on 
point  feed  cells.  The  strategy  involves  following  resistance  slope  before  and  during  underfeeding  and  overfeeding  periods 

40  until  a  target  alumina  concentration  is  achieved. 
The  stages  of  the  searching  routine  are  as  follows: 

(a)  After  commencement  of  searching,  the  filtered  resistance  slope  is  monitored  for  a  short  time  period  and  compared 
with  a  parameter,  base  search  slope,  nearthe  minimum  point  on  the  resistance-time  curve  in  Figure  4A.  The  objective 

45  is  to  adjust  alumina  concentration  to  this  base  level. 
(b)  As  the  alumina  concentration  of  the  cell  decreases,  the  resistance  slope  increases  from  a  negative  value  up  to 
the  value  of  the  base  search  slope.  Thus  slopes  more  negative  than  base  search  slope  indicate  a  higher  than 
'base-level'  alumina  concentration  and  are  actioned  by  changing  to  x  %  underfeed.  Slopes  more  positive  than  base 
search  slope  indicate  a  lower  than  base-level  concentration  and  cause  a  y  %  overfeed  cycle  to  begin. 

so  (c)  When  the  filtered  slope  passes  through  base  search  slope  (orthe  under/overfeeding  period  times  out  -whichever 
is  first),  a  feedrate  of  x  %  underfeed  is  selected  for  the  remainder  of  the  search  period. 
(d)  The  filtered  slope  is  then  monitored  until  its  value  increases  positively  to  target  search  slope.  At  this  stage  the 
alumina  concentration  has  been  adjusted  to  its  target  operating  level.  FDS  is  terminated  and  the  previously  selected 
(nominal  or  fixed)  feedrate  is  resumed  immediately. 

55 
By  gradually  increasing  base  search  slope  towards  the  target  value  (target  search  slope),  it  is  possible  to  minimize 

the  absolute  variation  in  alumina  concentration  during  FDS  under  point  feeding  of  alumina.  Additionally,  if  the  percent 
under  and  overfeed  are  decreased  to  small  values  (such  as  10%),  the  proportion  of  time  spent  on  search  will  increase 
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-  allowing  very  close  feed  control  for  most  of  the  operation. 

ANODE  EFFECT  PREVENTION  MECHANISM 

5  Anode  effect  prediction  (AEP)  is  provided  by  a  check  on  the  filtered  resistance  slope  every  second  during  normal 
feeding  of  the  cell  (Fig.  3).  If  it  exceeds  a  pre-set  AEP  slope  an  AEP  feed  cycle  is  initiated  immediately  to  avoid  an  anode 
effect. 

This  high  resistance  slope  results  from  the  critical  depletion  of  alumina  concentration  in  the  cell  during  periods  when 
alumina  searching  is  not  occurring.  Resistance  changes  due  to  operations  like  setting,  tapping  and  bath  additions  are 

10  removed  by  the  filtered  slope  calculation.  However,  resistance  changes  due  to  metal  pad  instability  are  included  in  the 
filtered  slope.  Hence  the  pre-set  AEP  slope  is  increased  if  excessive  low  frequency  noise  is  detected,  as  discussed 
further  below,  to  reduce  the  likelihood  that  the  system  will  trigger  an  AEP  feeding  cycle  due  to  low  frequency  noise.  It 
will  be  appreciated  that  low  frequency,  cyclic  voltage  variations  (of  less  than  one  cycle  per  second)  are  sometimes 
observed  due  to  instability  in  the  liquid  aluminium  pad.  The  rates  of  resistance  increase  associated  with  these  cycles 

is  can,  in  the  case  of  severe  instability,  exceed  the  resistance  slope  thresholds  above,  triggering  alumina  feeding  when 
this  is  not  warranted.  To  guard  against  this  occurrence  the  slope  thresholds  for  both  end  of  search  and  AEP  are  increased 
by  a  predetermined  amount  when  low  frequency  voltage  noise  is  detected  above  a  certain  amplitude  (in  micro-ohms). 
The  critical  slope  threshold  for  one  pot  under  test  was  0.035  uQ/min.  and  the  voltage  noise  threshold  was  0.25  u.Q/min. 
When  the  low  frequency  noise  exceeds  the  above  threshold,  the  critical  slope  threshold  is  ramped  by  an  amount  pro- 

20  portional  to  the  amount  by  which  the  noise  signal  exceeds  the  predetermined  threshold.  The  maximum  increment  of  the 
ramp  is  0.05  uQ/min.  and  occurs  at  a  low  frequency  noise  level  of  0.50  u.Q/min.  The  filtered  slope  is  again  compared 
with  the  threshold  and  if  it  is  found  to  be  greater  than  the  threshold,  the  alumina  inventory  is  then  considered  to  determine 
whether  or  not  the  cell  is  overfed.  If  this  determination  is  in  the  negative,  the  control  system  instructs  an  AEP  alumina 
feeding  cycle  to  be  effected.  The  operation  of  AEP  can  also  be  stopped  for  a  defined  period  after  an  AEP  prediction  as 

25  further  protection  against  excessive  AEP  triggered  feeds  during  periods  of  cell  instability. 
Both  high  and  low  frequency  noise  calculations  are  performed  continuously  in  this  module.  While  the  high  frequency 

calculation  is  a  simple  1  Hz,  minimum  R/maximum  R  relationship,  the  low  frequency  characteristic  needs  further  expla- 
nation  and  this  is  given  below. 

30  LOW  FREQUENCY  NOISE  CALCULATION 

The  main  function  of  the  low-frequency  noise  calculation  is  to  detect  noise  generated  by  metal  pad  instability.  In 
this  novel  formulation,  a  group  of  consecutive  resistances  are  summed,  then  averaged.  A  ring  buffer  containing  a  time 
sequence  of  these  averages  are  then  stored  for  some  period  of  time  (usually  less  than  2  AVC  periods).  Figure  4B  is  an 

35  example  of  the  resulting  data  in  a  computer;  essentially  it  is  a  resistance  vs  time  plot  with  the  high-frequency  noise 
removed.  The  low  frequency  noise  is  the  sum  of  absolute  differences  in  adjacent  resistance  averages  minus  the  absolute 
difference  between  the  newest  and  oldest  averages,  divided  by  the  time  interval. 

40 
i . e .   NOISE  = 

k  -  1 
1  lARi  "  ARi  +  i|  -  |  ARQ  -  AR 
i  =  0 

/  ( t „ - t w )  

45  where  AR;  is  the  average  resistance  at  time  t;  Examples  of  idealized  curves  and  their  noise  are  shown  in  Figures 
4C  to  E. 

The  calculation  of  noise  with  the  addition  of  each  new  mean  resistance  (and  the  elimination  of  the  oldest  resistance) 
requires  less  calculation  time  than  standard  noise  calculations.  In  the  case  of  one  test  pot  trial  the  mean  resistances 
are  calculated  over  10  seconds,  and  30  values  (5  minutes  history)  are  stored. 

50 
CONTROL  STRING  2:  SHORT  RANGE  HEAT  BALANCE  CONTROL 

In  the  second  control  string  the  heat  supplied  and  the  heat  required  for  aluminium  production  are  calculated  from 
the  dynamic  inputs  described  above  (cell  voltage  and  current,  alumina  additions,  bath  chemistry  additions,  operations 

55  and  anode  movements)  and  the  heat  available  (Qavail)  f°r  dissipation  by  the  cell  is  also  calculated.  The  difference 
between  available  heat  and  the  previously  determined  target  heat  (QT)  is  integrated  with  respect  to  time  and  from  this 
integral  a  running  heat  inventory  is  calculated.  The  target  resistance  (Rjarget)'  derived  in  the  manner  described  above 
from  QjargeT'  's  regularly  updated  on  the  pot  computer  to  adjust  the  heat  balance  of  the  cell  to  minimize  the  imbalance 
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represented  by  the  heat  inventory  integral.  The  target  resistance  must  lie  between  the  specified  minimum  and  maximum 
allowable  limits.  These  limits  are,  for  example,  32-40  uQ,  for  a  typical  pot  under  test,  i.e.  a  band  of  about  6  to  8  uQ.  If 
the  average  actual  resistance  over  the  resistance  regulation  (AVC)  period  is  significantly  different  (outside  a  specified 
dead  band)  from  the  new  target  resistance,  the  pot  computer  then  issues  a  beam  raise  or  lower  signal  to  move  the  cell 

5  resistance  back  into  the  dead  band.  This  instruction  is  limited  to  a  pre-set  amount  (AR  max.). 
If  the  updated  resistance  target  consistently  falls  above  or  below  one  of  the  allowable  limits,  disallowing  the  regulation 

of  resistance  as  described  above,  the  operating  amperage,  ore  cover  level,  or  bath  and  metal  levels  are  reviewed  so 
that  a  more  flexible  region  of  the  operating  envelope  can  be  chosen  for  the  cell. 

The  set  point,  Rjarget*  's  updated  at  regular  intervals  on  the  basis  of  short  range  heat  balance  calculations.  The 
10  short  range  calculations  require  the  following  information: 

Real  time  clock  -  for  scheduling  and  distributing  intermittent  power  absorbed  functions  during  operations. 
V;,  I;,  R;  -  one  minute  average  voltage,  current  and  resistance. 
PCELL  -  Cell  Power  input  (heat  balance  interval  average). 

is  -  Current  efficiency  -  based  on  cumulative  metal  tap. 
Software  switches  -  indicating  commencement  of  a  cell  operation. 
Alumina  dump  counters  -  metering  alumina  actually  fed  to  the  cell. 
^absorb  "  Power  absorbed  calculation 

20  This  information  is  used  to  calculate  three  parameters: 

Q  avail  "  The  available  power  dissipation  over  the  previous  period. 
R  -  The  average  actual  cell  resistance  over  the  previous  period. 
I  -  The  average  cell  amperage  over  a  longer  time  period  (default  period  is  one  hour). 

25 
The  calculated  value  of  the  available  power  dissipation  is  compared  to  the  target  value  for  the  cell  and  the  thermal 

imbalance  AQ  obtained.  (The  target  value  (Qjarget)  's  initially  determined  from  a  steady-state  computer  thermal  model 
prediction  and  cell  operating  diagram  and  then  updated  imbalance  is  integrated  and  converted  directly  into  a  AR  and 
an  Rjarget  using  the  average  value  of  amperage  and  the  previous  target  resistance  respectively. 

30  As  mentioned  earlier,  resistance  regulation  maintains  cell  resistance  at  or  near  the  target  value  calculated  in  the 
heat  balance  program.  Also,  as  will  be  discussed,  anode  movements  do  not  in  any  way  affect  the  mechanics  of  feed 
control  on  the  cell.  Functionally,  the  implications  of  these  strategy  requirements  are  as  follows: 

i)  resistance  regulation  is  prohibited  on  three  occasions  only: 
35 

during  beam  raising 
during  anode  setting 
during  tapping  when  TVC  is  operative. 

40  ii)  resistance  regulation  frequency  is  increased  so  that  the  interval  between  resistance  regulation  is  reduced  to  five 
minutes  or  less. 
iii)  The  proportionality  constants  for  resistance  regulation  buzz  time  (decisec/micro-ohm)  are  set  as  close  as  possible 
to  the  reciprocal  product  of  resistance/cm  of  ACD  and  beam  speed  (up  or  down).  This  ensures  that  one  resistance 
regulation  attempt  moves  the  resistance  to  its  target  value  -  eliminating  kilowatt  errors  from  this  source. 

45  iv)  The  dead  band  for  resistance  regulation  is  tight  (+  0.20  micro-ohm). 

CONTROL  STRING  3:  MEDIUM-LONG  RANGE  HEAT  BALANCE  CONTROL 

In  the  final  control  string,  long  term  heat  balance  control  is  used  to  continually  update  the  target  power  dissipation 
so  QTARGET  through  trends  in  bath  resistivity  data.  This  prevents  longer  term  changes  in  bath  thermal  conditions  and  chem- 

istry  which  occur  through  breakdown  of  ore  cover,  changes  in  current  efficiency  or  amperage,  and  variations  in  anode 
carbon  quality  with  respect  to  reactivity,  thermal  conductivity  and  anode  spike  formation. 

Bath  resistivity  data  is  used  to  detect  all  chemistry  and  thermal  conditions  in  real  time. 
Bath  resistivity  is  calculated  at  approximately  hourly  intervals,  using  controlled  beam  movements,  with  beam  move- 

rs  ment  measured  in  the  usual  manner  by  a  shaft  counter. 
Using  the  average  change  in  cell  resistance  before  and  after  the  beam  movement  sequence,  bath  resistivity  is 

calculated  from  the  known  relationship. 

11 



EP  0  386  899  B1 

Thus  bath  resistivity 

_  peff  ACD 
TOT  ~  A  +z'rlFIXED 

5R.AA 
Peff= 8ACD 

2RF|XED  is  the  sum  of  the  contribution  of  resistance  values  due  to  ohmic  effects  and  possible  reaction  decomposition 
effects.  This  value  is  assumed  to  be  constant  for  changes  in  ACD. 

AA  is  the  nominal  area  of  the  anode  and  is  assumed  to  be  constant 
8ACD  is  measured  using  the  shaft  counter 
8AR  is  the  difference  between  cell  resistance  before  and  after  the  20  decisecond  buss-up. 
The  bath  resistivity  and  its  rate  of  change  is  a  good  indication  of  the  concentration  of  AIF3.  There  is  a  lag  time 

between  a  rise  in  %  XS  AIF3  and  a  rise  in  bath  resistivity.  This  characteristic  depends  on  liquid  bath  volume,  anode  and 
cathode  condition,  and  other  pot  characteristics.  Freezing  in  a  cell  occurs  when  the  bath  super->heat  drops  below  a 
certain  level  and  is  identifiable  by  an  increase  in  %  XS  AIF3.  After  taking  the  lag  time  into  consideration,  if  the  bath 
resistivity  is  increasing  to  a  level  where  electrolyte  freezing  and  increases  in  %  XS  Alf3  are  occurring,  the  Q  TARGet  's 
adjusted  in  the  system  so  that  more  power  is  supplied  to  the  cell.  This  causes  a  greater  rate  of  heat  dissipation  throuth 
the  electrolyte  and  increases  its  superheat,  reducing  its  tendency  to  freeze.  The  response  must  be  tuned  to  the  lag  time 
of  the  resistivity  measurement  as  well  as  to  the  QD|SS/Superheat  relationship,  so  that  Qjarget  does  not  overshoot  its 
correct  value. 

The  initial  or  starting  value  for  the  target  heat  dissipation  QT  is  derived  as  follows. 
Thermal  model  calculations  (Finite  element  prediction  of  isotherms  and  flows  within  the  cell  in  question)  are  used 

to  determine  the  steady-state  level  of  heat  loss  required  from  a  particular  cell  design  (eg  the  test  pot  referred  to  above 
is  a  Type  VI  cell  design  and  requires  220  -  230  kW  depending  on  metal  level  and  alumina  cover).  This  target  or  'design 
heat  loss'  is  Qqell- 

The  process  energy  requirement  for  aluminium  production  can  be  calculated  in  a  known  manner  for  the  cell  once 
the  line  amperage  is  known: 

^ABSORB  =  /CONTINUOUS  +  ^ INTERMITTENT w   ii  i  j.  n  ij  u  b  u  »  in  i  ui\nx  i  j,  i 
: j _ L ( a   +  b.CE)J  +  | P F E E D   + ^ s e t t i n g   +  A d d i t i o n s  

/ P A E  

o  i d e a l l y  

V P A E  

In  Table  1  this  is  calculated  to  be  1  .956  Volts  x  I  at  95%  current  efficiency  (CE)  for  a  typical  test  cell  at  Bell  Bay  (At 
90%  efficiency  this  figure  is  1  .841  Volts  x  I). 

Adding  to  this  the  power  loss  from  the  bus  bar  around  the  cell: 
,2 R  EXTERNAL  X  ' 

we  have  the  total  power  input  required  for  the  cell 

 ̂ TOTAL  ~  ÂBSORB  +  ĈELL  +   ̂ EXTERNAL 

2 VABSORB-'  +  ĈELL  +   ̂ EXTERNAL'  ' 

TABLE  1 

At  I  =  87  kA  ;  Ptotal  =  1  70  2  kW  +  225  kW  +  1  8.2  kW 
and  95%  CE  =  413.4  kW  REXT  =  2.4 
on  Pot  under  test  QCELL  =  225kW 

VAbsorb  =  1-956V 

This  power  input  equates  to  a  cell  voltage  of 

V  -  P TOTAL  ~  r  TOTAL 
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=  4.75  V 

This  cell  voltage  equates  to  a  target  (initial)  cell  resistance  of 

RTARGET=  <VTOTAL"  165)/l 

=  35.65  uQ 

Typically  this  resistance  will  be  used  as  a  back-up  or  start-up  value  on  the  pot  computer.  It  will  also  lie  in  the  mid-range 
of  the  allowable  target  resistance  band.  Initial  Settings  are  therefore: 

QTARGET  =  225  kW 

T̂ARGET  =  35.65  UQ 

However  Rjarget  w'"  change  every  ten  minutes  by  R  as  the  Pabsorb  term  's  continuously  recalculated  according  to 
pot  requirements  (feeding,  anode  setting  etc.). 

Figures  5Aand  5B  show  selected  pot  parameters  over  2  months  operation  of  a  reduction  cell,  with  constant  Qjarget- 

The  %  XS  AIF3  varied  significantly  over  this  period  and  p  and  ^  are  seen  to  be  good  indicators  of  this.  Twice  during 
the  period  shown,  manual  increases  to  the  power  input  were  made  to  increase  the  cell  superheat  and  reduce  the  %  XS 

AIF3  (times  'B'  and  'C').  In  both  cases  high  values  of  p  and  ^  were  evident  before  manual  intervention. 

Such  observations  resulted  in  the  development  and  testing  of  a  closed-loop  control  system  in  which  the  target 

energy  input  to  the  cell  (Qjarget)  was  changed  based  on  p  and/or  ^  .  For  the  1  month  period  in  Figure  5C  control  of 

Qjarget  was  t>ased  on  p  only.  (Both  the  manually  set  'nominal'  QTARGET  and  'actual'  QTARGET  are  shown  in  this  Figure.) 
Note  that  the  high  %  XS  AIF3  on  days  4,  11,  19  and  29  correspond  with  high  p  values.  The  resultant  increased  power 
inputs  controlled  the  high  %  XS  AIF3  excursions,  making  manual  intervention  unnecessary. 

SYSTEM  TESTING 

Frequent  VAVC  action  maintains  the  actual  resistance  close  to  the  continually  updated  target  value,  and  the  mag- 
nitude  of  its  allowable  resistance  changes  are  specified  as  a  heat  balance  parameter  -  within  absolute  resistance  limits 
as  discussed  earlier.  More  importantly,  AVC  will  not  be  disallowed  during  operations  unless  it  is  physically  unreasonable 
to  perform  beam  movement.  These  occasions  are  during  tapping,  anode  setting  and  beam  raising. 

An  extended  trial  of  the  above  described  control  system  has  been  made  on  a  group  of  cells  at  one  of  the  applicant's 
smelters.  For  the  trial  the  CE  and  'QT'  for  each  cell  were  selected  based  on  long-term  data  computer  modelling  and  cell 
condition.  It  should  be  noted  that  cell  condition  fluctuates  due  to  factors  such  as  cell  ore  cover,  seasonal  temperatures, 
alumina  properties,  bath  composition  and  cell  age.  Hence  the  parameters  should  be  updated  on  a  regular  basis. 

Calculation  of  the  power  absorbed  for  the  control  system  used  the  following  hardware  inputs:- 

voltage  and  amperage  (1  Hz) 
a  switch  to  indicate  anode  setting  (at  cell) 
keyboard  input  for  bath  additions  in  kg  (adjacent  to  cell) 
keyboard  input  for  manual  alumina  addition  and  oreing-up 

The  results  presented  in  Figures  7  and  8  show  the  behaviour  of  a  cell  under  the  control  system  over  24  hours. 
Figure  7  shows  the  calculated  heat  absorbed  by  the  cell,  broken  down  into  it's  four  operational  components.  Fluc- 

tuations  in  the  power  required  for  reaction  (metal  production)  (Fig.  7a)  were  due  to  line  amperage  variations.  The  power 
absorbed  by  alumina  feeding  (Fig.  7b)  had  a  strong  cyclic  pattern.  This  pattern  is  accentuated  because  the  alumina 
searches  (SFS)  included  cessation  of  feeding  (for  the  day  shown).  Figure  7c  shows  the  effect  of  replacing  two  anodes. 
For  setting,  the  energy  distribution  was  spread  over  5  hours;  this  was  based  on  trial  data  and  computer  modelling  of  the 
heat  absorbed  by  the  new  blocks.  Figure  7d  includes  the  energy  input  for  a  15kg  bag  of  AIF3.  Note  that  50%  of  feed 
power,  50%  of  setting  power,  and  20%  of  the  additions  power  were  supplied  as  constant  background  inputs,  while  the 
remainder  in  each  case  was  triggered  by  the  respective  events. 

The  calculation  of  the  total  absorbed  energy  is  shown  in  Figure  8a.  Figure  8b  shows  the  power  available  for  dissi- 
pation  from  the  cell  as  heat  (Eqn  1).  Note  the  target  dissipation  rate  of  240kW  for  this  cell.  The  target  and  calculated 
actual  heat  dissipation  clearly  show  the  heat  deficit/excess  in  Figure  8c.  The  cell  had  an  energy  imbalance  for  periods 
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up  to  2  hours.  This  was  primarily  due  to  the  power  input  constraints  imposed  by  the  cell  resistance  control  band.  Figure 
8d  shows  the  control  band  of  32.5  to  38  uOhm  used  over  the  24  hour  period.  Anode  beam  movements  are  clearly  larger, 
and  more  frequent,  than  for  control  systems  previously  reported  in  the  literature.  This  reflects  the  extent  of  thermal 
disturbance  which  is  imposed  on  most  reduction  cells  in  a  single  day. 

5  Figure  9  illustrates  the  behaviour  of  the  alumina  feed  control  component  of  the  system  during  a  typical,  successful 
stop  feed  search  (SFS).  (The  search  period  is  marked  in  Fig.  8d.)  One  minute  averages  of  anode  cathode  distance 
(ACD),  cell  resistance  and  slope  of  resistance  are  shown.  The  centre  channel  bath  temperature,  measured  at  ten  minute 
intervals,  is  also  presented.  The  change  in  ACD  was  transduced  using  the  rotation  shaft  counter  (proximity  switches) 
on  the  anode  beam  drive  shaft.  The  resistance  slope  (Fig.  9d)  was  zeroed  at  the  start  and  end  of  the  SFS;  the  end  of 

10  search  slope  was  0.025  uOhm/min.  The  search  lasted  approximately  90  minutes,  and  there  was  substantial  beam  move- 
ment  throughout.  The  high  resistance/ACD  at  the  start  of  searching  was  due  to  the  energy  requirement  of  a  23kg  alumina 
feed  immediately  beforehand.  Once  this  energy  was  supplied,  the  control  system  reduced  the  power  input.  The  control 
approach  allowed  long  SFSs  to  be  scheduled  without  the  bath  temperature  or  superheat  increasing  substantially.  This 
allowed  back-feeding  and  depletion  of  alumina  to  the  target  level.  The  stable  bath  temperature  is  clearly  shown  in  Figure 

is  9c,  although  there  was  a  temperature  fall  caused  by  the  feed  before  SFS.  Typically,  a  bath  temperature  change  of  only 
+/-4C  was  measured  during  SFS.  While  there  is  some  fluctuation  in  the  dynamics  of  the  resistance  slope,  the  underlying 
trend  and  threshold  values  were  reliable.  The  SFS  technique  achieved  good  feed  control,  consistently,  with  [  0.3  AEs/day. 

The  trial  results  demonstrate  a  number  of  inherent  advantages  in  the  control  system.  Since  the  energy  requirements 
were  calculated  from  basic  information  (eg  line  amperage,  alumina  dumps,  thermodynamic  data),  changes  to  the  oper- 

20  ating  environment  were  catered  for  automatically.  If  a  variation  in  potline  amperage  occurred,  the  control  system  auto- 
matically  adjusted  the  resistance  targets  of  the  cell.  The  mean  resistance  at  which  the  cell  operated  over  longer  periods 
were  also  varied  if  the  long-term  amperage  was  changed.  Similarly,  any  decision  to  change  the  number  of  dumps  for 
each  feed,  the  timing  of  SFSs  or  the  number/size  of  anodes  set  was  catered  for  easily.  Fundamentally,  this  was  due  to 
the  control  system  being  based  on  the  real  operating  target  and  component  energy  requirements  of  the  smelting  process 

25  rather  than  the  less  direct  measures  of  target  voltage  or  resistance.  This  same  mechanistic  approach  can  also  reinforce 
the  understanding  of  the  process  for  those  operating  it. 

There  are,  of  course,  some  practical  constraints  imposed  on  the  control  system  by  the  process.  If  the  potline  am- 
perage  is  reduced  significantly  for  a  sufficient  period,  each  cell  will  experience  a  substantial  energy  deficit.  Thus  all  cells 
in  the  potline  will  attempt  to  operate  at  their  maximum  target  resistance  simultaneously.  The  potline  voltage  may  then 

30  exceed  the  rectifier  limits.  This  problem  can  be  overcome  by  including  safety  factors  in  the  control  system  which  limit 
the  closure  of  energy  balance  attempted  under  extreme  potline  conditions.  On  an  individual  pot  basis  there  may  also 
be  variations  in  heat  dissipation,  current  efficiency  and  the  integrity  of  the  top  cover/crust,  requiring  individualization  of 
the  QT  targets  for  each  cell. 

The  control  system  embodying  the  invention  maintains  a  target  rate  of  heat  loss  from  a  reduction  cell  via  calculation 
35  of  the  energy  absorbed  by  the  process.  The  trial  results  show  that  the  system  made  regular  anode  beam  movements 

while  maintaining  good  thermal  balance  on  the  cell.  The  control  system  described  here  is  a  building  block  for  the  opti- 
mization  of  reduction  cell  efficiency  via  understanding  and  reducing  variations  in  the  cell  thermal  balance. 

The  overall  configuration  of  a  typical  control  system  is  shown  in  Figure  2.  The  physical  location  of  each  control 
module  on  the  system  in  this  implementation  has  been  determined  by  the  computing  power  available  at  the  pot  computer 

40  and  supervisory  computer  levels  respectively.  Thus  the  more  complex  heat  balance  control  module  has  been  placed 
on  a  Microvax  supervisory  computer.  This  also  has  the  advantage  of  providing  an  interactive  human  interface  to  the 
control  function  for  diagnostics  and  further  development.  As  a  general  strategy,  however,  all  essential  control  functions 
in  a  distributed  potline  system  should  be  located  at  the  lowest  intelligent  level  -  the  pot  computer  in  this  case  -  so  that 
maximum  safety  and  redundancy  can  be  built  into  the  system. 

45  The  computer  control  functions  detailed  in  Figure  2  will  be  recognised  by  persons  of  skill  in  the  art  and  since  many 
of  the  functions  are  not  critical  to  the  invention,  they  will  not  be  further  described  in  this  specification. 

Claims 
50 

1.  A  process  to  control  the  operation  of  an  aluminium  smelting  cell,  comprising  the  steps  of: 

(i)  continuously  monitoring  cell  voltage  and  current, 
(ii)  calculating  the  resistance  of  the  cell  from  the  monitored  cell  voltage  and  current, 

55  (iii)  calculating  the  rate  of  change  of  cell  resistance  (raw  resistance  slope)  and  a  smoothed  value  of  said  resist- 
ance  slope, 
(iv)  utilising  the  smoothed  resistance  slope  values  to  maintain  mass  balance  in  the  cell,  including  the  step  of 
searching  the  smoothed  resistance  slope  for  values  exceeding  a  predetermined  slope  chosen  to  indicate  alu- 
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mina  depletion. 
(v)  monitoring  cell  process  operations  including  alumina  additions,  electrolyte  bath  additions,  anode  changes, 
tapping,  beam  raising  and  anode  beam  movement, 
(vi)  delaying  the  calculation  of  resistance  slope  and  smoothed  resistance  slope  for  a  predetermined  time  when 
any  one  of  said  monitored  cell  process  operations  occurs,  and 
(vii)  recalculating  said  cell  resistance  slope  and  smoothed  resistance  slope  after  said  predetermined  time  delay 
so  that  the  smoothed  slope  is  unaffected  by  process  changes  with  the  exception  of  alumina  depletion. 

The  process  of  claim  1,  wherein  the  step  of  calculating  the  rate  of  change  of  cell  resistance  includes  the  step  of 
calculating  a  raw  resistance  slope  from  the  equation: 

S0=  (Ro-RJ/fAtO  +1/Y)) 

where 

S0  =  raw  slope  at  time  (t  +  At) 
RQ  =  raw  resistance  at  (t  +  At) 
R-i  =  single  stage  filtered  resistance  at  time  t 
At  =  time  interval  of  resistance  polling 
Y=  filter  constant  for  filtered  resistance  (R-,). 

A  process  according  to  claim  1  or  2  further  comprising  the  step  of  checking  to  determine  whether  the  raw  resistance 
slope  falls  within  predetermined  limits  and  rejecting  any  value  falling  outside  such  limits. 

A  process  according  to  claim  2  or  3  wherein  said  smoothed  value  of  the  resistance  slope  is  calculated  from  the 
equation 

R1  =  R1  (1  -  y)  +  YPv 

-  and  - 

Si  =  Si  (1  -  Yi)  +  Yi  SM 

wherein  y  is  a  predetermined  filter  constant  of  the  ith  stage. 

A  process  according  to  any  preceding  claim,  comprising  the  further  steps  of  continuously  monitoring  said  cell  voltage 
or  resistance  to  determine  the  existence  of  low  frequency  or  high  frequency  noise  in  the  voltage  signal,  determining 
whether  said  low  frequency  voltage  noise  exists  above  a  predetermined  threshold,  and  increasing  the  smoothed 
resistance  slope  threshold  in  the  event  that  said  low  frequency  noise  is  above  said  predetermined  threshold. 

A  process  according  to  claim  5,  wherein  said  smoothed  resistance  slope  threshold  is  increased  along  a  ramp  having 
a  maximum  increase  in  resistance  slope  threshold  not  exceeding  a  predetermined  value. 

An  apparatus  when  suitably  programmed  for  carrying  out  the  process  of  any  of  claims  1  to  6  for  controlling  the 
operation  of  an  aluminium  smelting  cell,  said  system  comprising: 

(i)  means  to  continuously  monitor  cell  voltage  and  current; 
(ii)  means  to  calculate  the  resistance  of  the  cell  from  the  monitored  cell  voltage  and  current; 
(iii)  means  to  calculate  the  rate  of  change  of  cell  resistance  (raw  resistance  slope)  and  a  smoothed  value  of 
said  resistance  slope; 
(iv)  means  to  utilize  the  smoothed  resistance  slope  values  to  maintain  mass  balance  in  the  cell,  including  means 
to  search  the  smoothed  resistance  slope  for  values  exceeding  a  predetermined  slope  chosen  to  indicate  alumina 
depletion; 
(v)  means  to  monitor  cell  process  operations  including  alumina  additions,  electrolyte  bath  additions,  anode 
changes,  tapping,  beam  raising  and  anode  beam  movement; 
(vi)  means  to  delay  the  calculation  of  resistance  slope  and  smoothed  resistance  slope  for  a  predetermined  time 
when  any  one  of  said  monitored  cell  process  operations  occurs;  and 
(vii)  means  to  recalculate  said  cell  resistance  slope  and  smoothed  resistance  slope  after  said  predetermined 
time  delay  so  that  the  smoothed  slope  is  unaffected  by  process  changes  with  the  exception  of  alumina  depletion. 

An  apparatus  according  to  claim  7  further  comprising  means  to  continuously  monitor  said  cell  voltage  or  resistance 
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10 

to  determine  the  existence  of  low  frequency  or  high  frequency  noise  in  the  voltage  signal,  means  to  determine 
whether  said  low  frequency  voltage  noise  exists  above  a  predetermined  threshold,  and  means  to  increase  the 
smoothed  resistance  slope  threshold  in  the  event  that  said  low  frequency  noise  is  above  said  predetermined  thresh- 
old. 

Patentanspriiche 

1.  Verfahren  zur  Steuerung  des  Betriebs  einer  AluminiumSchmelzzelle,  das  die  folgenden  Schritte  aufweist: 

(i)  Die  Zellspannung  und  der  Zellstrom  werden  kontinuierlich  uberwacht. 
(ii)  Aus  der  uberwachten  Zellspannung  und  dem  uberwachten  Zellstrom  wird  der  Widerstand  der  Zelle  berech- 
net. 
(iii)  Die  Anderungsgeschwindigkeit  des  Zellwiderstands  (der  Rohwiderstandsabfall)  und  ein  geglatteter  Wert 

is  des  Widerstandsabfalls  werden  berechnet. 
(iv)  Die  geglatteten  Widerstandsabfallwerte  werden  benutzt,  urn  den  Massenausgleich  in  der  Zelle  aufrechtzu- 
erhalten,  was  den  Schritt  umfaBt,  bei  dem  der  geglattete  Widerstandsabfall  fur  Werte  gesucht  wird,  die  einen 
vorgegebenen  Widerstandsabfall  ubersteigen,  der  gewahlt  wurde,  urn  die  Aluminiumoxid-Verarmung  anzuzei- 
gen. 

20  (v)  Die  Zellverfahrensschritte  werden  uberwacht,  einschlieBlich  der  Aluminiumoxid-Zugaben,  der  Elektrolyt- 
bad-Zugaben,  der  Anodenwechsel,  des  Abstichs,  der  Strahlanhebung  und  der  Anodenstrahlverschiebung. 
(vi)  Die  Berechnung  des  Widerstandsabfalls  und  des  geglatteten  Widerstandsabfalls  wird  urn  eine  vorgegebene 
Zeit  verzogert,  wenn  einer  der  uberwachten  Zellverfahrensschritte  ausgefuhrt  wird. 
(vii)  Der  Zellwiderstandsabfall  und  der  geglattete  Widerstandsabfall  werden  nach  der  vorgegebenen  Zeitver- 

25  zogerung  neu  berechnet,  so  dal3  der  geglattete  Widerstandsabfall  von  Verfahrensanderungen,  mit  Ausnahme 
der  Aluminiumoxid-Verarmung,  nicht  beeinfluBt  wird. 

2.  Verfahren  gemaB  Anspruch  1,  wobei  der  Schritt,  bei  dem  die  Anderungsgeschwindigkeit  des  Zellwiderstands 
berechnet  wird,  den  Schritt  umfaBt,  bei  dem  der  Rohwiderstandsabfall  aus  der  folgenden  Gleichung  berechnet  wird: 

30  
S0=  (Ro-RJ/fAtO  +1/Y)) 

wobei  bedeutet: 

S0  =  Rohwiderstandsabfall  bei  der  Zeit  (t  +  At) 
35  R0  =  Rohwiderstand  bei  der  Zeit  (t  +  At) 

R-,  =  einstufig  gefilterter  Widerstand  bei  der  Zeit  t 
At  =  Zeitintervall  des  Widerstandsabrufs 
Y  =  Filterkonstante  fur  den  gefilterten  Widerstand  (R1  ). 

40  3.  Verfahren  gemaB  Anspruch  1  oder  2,  das  weiterhin  den  Schritt  aufweist,  bei  dem  kontrolliert  wird,  ob  der  Rohwi- 
derstandsabfall  innerhalbvorgegebenerGrenzen  liegt,  und  jeder  Wert,  derauBerhalbdieserGrenzen  liegt,  zuruck- 
gewiesen  wird. 

4.  Verfahren  gemaB  Anspruch  2  oder  3,  wobei  der  geglattete  Wert  des  Widerstandsabfalls  aus  den  folgenden  Glei- 
45  chungen  berechnet  wird: 

R1  =  R1  (1  -  y)  +  YR0 

und 

S.  =  S.  (1  -  y)  +  Y  S  , 
wobei  Yeine  vorgegebene  Filterkonstante  der  i-ten  Stufe  ist. 

5.  Verfahren  gemaB  irgendeinem  der  vorhergehenden  Anspruch,  das  die  weiteren  Schritte  aufweist,  bei  denen  die 
Zellspannung  oder  der  Zellwiderstand  kontinuierlich  uberwacht  wird,  urn  festzustellen,  ob  Niederfrequenz-  oder 

55  Hochfrequenzrauschen  in  dem  Spannungssignal  vorhanden  ist,  und  festgestellt  wird,  ob  das  Niederfrequenzspan- 
nungsrauschen  iiber  einer  vorgegebenen  Schwelle  vorhanden  ist,  und  danach  die  Schwelle  fur  den  geglatteten 
Widerstandsabfall  erhoht  wird,  falls  das  Niederfrequenzrauschen  iiber  der  vorgegebenen  Schwelle  liegt. 

16 
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6.  Verfahren  gema(3  Anspruch  5,  wobei  die  Schwelle  fur  den  geglatteten  Widerstandsabfall  langs  einer  Rampe  erhoht 
wird,  die  eine  maximale  Erhohung  der  Widerstandsabfall-Schwelle  hat,  die  einen  vorgegebenen  Wert  nicht  iiber- 
steigt. 

5  7.  Verfahren  gemaB  irgendeinem  der  vorhergehenden  Anspruch,  das  weiterhin  den  Schritt  aufweist,  bei  dem  das 
Warmegleichgewicht  der  Zelle  aufrechterhalten  wird,  wozu 

(i)  eine  Target-Warmeableitung  fur  die  Zelle  berechnet  wird; 
(ii)  die  fur  die  Ableitung  durch  die  Zelle  verfiigbare  Warme  berechnet  wird; 

10  (iii)  aus  dem  Integral  der  verfiigbaren  Warme  minus  derTarget-Warme  ein  laufendes  Warme-lnventarverzeich- 
nis  berechnet  wird,  und 
(iv)  der  Target-Widerstandswert  fur  die  Zelle  geandert  wird,  urn  bei  dem  Schritt  (iii)  ein  Warme-lntegral  zu  erhal- 
ten,  das  im  wesentlichen  Null  ist,  wozu  die  Anoden  der  Zelle  verschoben  werden,  urn  den  neuen  Target-Wider- 
stand  zu  erhalten. 

15 
8.  Verfahren  gemaB  Anspruch  7,  wobei  die  berechnete  Target-Warmeableitung  wahrend  des  Betriebs  der  Schmelz- 

zelle  als  Reaktion  auf  die  Trends  bei  den  Daten  des  spezifischen  Widerstands  des  Bades  kontinuierlich  aktualisiert 
wird. 

20  9.  Vorrichtung,  urn  bei  geeigneter  Programmierung,  das  Verfahren  nach  irgendeinem  der  Anspriiche  1  bis  8  zur  Steue- 
rung  des  Betriebs  einer  Aluminiumschmelzzelle  auszufiihren,  wobei  dieses  System  aufweist: 

(i)  ein  Mittel,  urn  die  Zellspannung  und  den  Zellstrom  kontinuierlich  zu  uberwachen; 
(ii)  ein  Mittel,  urn  den  Widerstand  der  Zelle  aus  der  uberwachten  Zellspannung  und  dem  uberwachten  Zellstrom 

25  zu  berechnen; 
(iii)  ein  Mittel,  urn  die  Anderungsgeschwindigkeit  des  Zellwiderstands  (den  Rohwiderstandsabfall)  und  einen 
geglatteten  Wert  des  Widerstandsabfalls  zu  berechnen. 
(iv)  ein  Mittel,  urn  die  geglatteten  Widerstandsabfallwerte  zu  benutzen,  urn  den  Massenausgleich  in  der  Zelle 
aufrechtzuerhalten,  einschlieBlich  eines  Mittels,  urn  den  geglatteten  Widerstandsabfall  fur  Werte  zu  suchen, 

30  die  einen  vorgegebenen  Abfall  ubersteigen,  der  gewahlt  wurde,  urn  die  Aluminiumoxid-Verarmung  anzuzeigen; 
(v)  ein  Mittel,  urn  die  Zellverfahrensschritte  zu  uberwachen,  einschlieBlich  der  Aluminiumoxid-Zugaben,  der 
Elektrolytbad-Zugaben,  der  Anodenwechsel,  des  Abstichs,  der  Strahlanhebung  und  der  Anodenstrahlverschie- 
bung; 
(vi)  ein  Mittel,  urn  die  Berechnung  des  Widerstandsabfalls  und  des  geglatteten  Widerstandsabfalls  urn  eine 

35  vorgegebene  Zeit  zu  verzogern,  wenn  einer  der  uberwachten  Zellverfahrensschritte  ausgefuhrt  wird. 
(vii)  ein  Mittel,  urn  den  Zellwiderstandsabfall  und  den  geglatteten  Widerstandsabfall  nach  der  vorgegebenen 
Zeitverzogerung  neu  zu  berechnen,  so  dal3  der  geglattete  Abfall  von  Verfahrensanderungen,  mit  Ausnahme 
der  Aluminiumoxid-Verarmung,  nicht  beeinfluBt  wird. 

40  10.  Vorrichtung  gemaB  Anspruch  9,  die  weiterhin  ein  Mittel  aufweist,  urn  die  Zellspannung  oder  den  Zellwiderstand 
kontinuierlich  zu  uberwachen,  urn  festzustellen,  ob  Niederfrequenz-  oder  Hochfrequenzrauschen  in  dem  Span- 
nungssignal  vorhanden  ist,  ein  Mittel,  urn  festzustellen,  ob  das  Niederfrequenzspannungsrauschen  iiber  einer  vor- 
gegebenen  Schwelle  vorhanden  ist,  und  ein  Mittel,  urn  die  Schwelle  fur  den  geglatteten  Widerstandsabfall  zu  erho- 
hen,  falls  das  Niederfrequenzrauschen  iiber  der  vorgegebenen  Schwelle  liegt. 

45 

Revendications 

1.  Procede  de  commande  du  fonctionnement  d'une  cellule  de  fusion  d'aluminium,  comprenant  les  etapes  suivantes  : 
50 

(i)  controle  continu  de  la  tension  et  du  courant  de  la  cellule, 
(ii)  calcul  de  la  resistance  de  la  cellule  a  partir  de  la  tension  et  du  courant  de  cellule  controles, 
(iii)  calcul  du  taux  de  variation  de  la  resistance  de  la  cellule  (pente  de  resistance  brute)  et  d'une  valeur  lissee 
de  ladite  pente  de  resistance, 

55  (iv)  utilisation  des  valeurs  lissees  de  pente  de  resistance  afin  de  maintenir  un  equilibre  de  masse  dans  la  cellule, 
comprenant  I'etape  de  recherche  de  la  pente  de  resistance  lissee  pour  des  valeurs  depassant  une  pente  pre- 
determine  choisie  pour  indiquer  une  depletion  de  I'aluminium, 
(v)  controle  des  operations  de  process  de  la  cellule  comprenant  ajouts  d'aluminium,  ajouts  de  bain  electrolyti- 
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que,  changements  d'anode,  prelevements,  relevage  du  faisceau  et  deplacement  du  faisceau  anodique, 
(vi)  retard  du  calcul  de  la  pente  de  resistance  et  de  la  pente  de  resistance  lissee  pendant  une  periode  de  temps 
predeterminee,  lorsque  I'une  quelconque  desdites  operations  controlees  du  process  de  la  cellule  se  produit,  et 
(vii)  nouveau  calcul  de  la  pente  de  resistance  de  la  cellule  et  de  la  pente  de  resistance  lissee  apres  ledit  temps 
de  retard  predetermine,  de  facon  que  la  pente  lissee  ne  soit  pas  affectee  par  les  modifications  du  process,  sauf 
pour  la  depletion  de  I'aluminium. 

Procede  selon  la  revendication  1,  dans  lequel  I'etape  de  calcul  du  taux  de  variation  de  la  resistance  de  la  cellule 
comprend  une  etape  de  calcul  d'une  pente  de  resistance  brute  selon  I'equation  : 

S0=  (Ro-RJ/fAt  (1  +1/Y) 

ou 

S0  =  pente  brute  au  temps  (t  +  At) 
R0  =  resistance  brute  a  (t  +  At) 
R-,  =  resistance  filtree  a  un  etage  au  temps  t 
At  =  intervalle  de  temps  entre  les  interrogations  de  resistance 
Y=  constante  de  filtrage  pour  resistance  filtree  (R-,  ) 

Procede  selon  la  revendication  1  ou  la  revendication  2,  comprenant  en  outre  une  etape  de  verification  destinee  a 
determiner  si  la  pente  de  resistance  brute  reste  dans  des  limites  predetermines,  et  de  rejet  de  toute  valeur  sortant 
de  ces  limites. 

Procede  selon  la  revendication  2  ou  la  revendication  3,  dans  lequel  ladite  valeur  lissee  de  la  pente  de  resistance 
est  calculee  selon  I'equation  : 

R1  =  R1  (1  -  y)  +  YR0< 

et 

S -S ,   (1  -  Y  i)  +  Y  s  SM 

ou  Yj  est  une  constante  de  filtrage  predeterminee  du  i®me  etage. 

Procede  selon  I'une  quelconque  des  revendications  precedentes,  comprenant,  en  outre,  les  etapes  consistant  a 
controler  en  continu  la  tension  ou  la  resistance  de  la  cellule,  afin  de  determiner  I'existence  de  bruit  de  basse  fre- 
quence  ou  de  haute  frequence  dans  le  signal  de  tension,  a  determiner  si  ledit  bruit  de  tension  basse  frequence 
existe  au-dessus  d'un  seuil  predetermine,  et  a  accroTtre  le  seuil  de  la  pente  de  resistance  lissee  au  cas  ou  ledit  bruit 
de  basse  frequence  serait  au-dessus  dudit  seuil  predetermine. 

Procede  selon  la  revendication  5,  dans  lequel  ledit  seuil  de  pente  de  resistance  lissee  augmente  selon  une  rampe 
ayant  un  accroissement  maximal  du  seuil  de  la  pente  de  resistance  ne  depassant  pas  une  valeur  predeterminee. 

Procede  selon  I'une  quelconque  des  revendications  precedentes,  comprenant,  en  outre,  une  etape  de  maintien  de 
I'equilibre  thermique  de  la  cellule  en  : 

(i)  calculant  une  dissipation  cible  de  chaleur  pour  la  cellule  ; 
(ii)  calculant  la  chaleur  disponible  pour  dissipation  par  la  cellule  ; 
(iii)  calculant  un  bilan  de  chaleur  de  fonctionnement  a  partir  de  I'integrale  de  la  chaleur  disponible  moins  la 
chaleur  cible,  et 
(iv)  modifiant  une  valeur  de  resistance  cible  pour  la  cellule  pour  obtenir  une  integrale  de  chaleur  sensiblement 
nulle  a  I'etape  (iii)  en  deplacant  les  anodes  de  la  cellule,  afin  d'obtenir  ladite  nouvelle  resistance  cible. 

Procede  selon  la  revendication  7,  dans  lequel  ladite  dissapation  de  chaleur  cible  calculee  est  constamment  remise 
a  jour  pendant  le  fonctionnement  de  la  cellule  de  fusion  en  reponse  aux  tendances  des  donnees  de  resistivite  du 
bain. 

Appareil  correctement  programme  pour  mettre  en  oeuvre  le  procede  de  I'une  quelconque  des  revendications  1  a 
8  pour  commander  le  fonctionnement  d'une  cellule  de  fusion  de  I'aluminium,  ledit  appareil  comprenant  : 

18 
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(i)  un  moyen  de  controle  continu  de  la  tension  et  du  courant  de  la  cellule  ; 
(ii)  un  moyen  de  calcul  de  la  resistance  de  la  cellule  a  partir  de  la  tension  et  du  courant  controles  de  la  cellule  ; 
(iii)  un  moyen  de  calcul  du  taux  de  variation  de  la  resistance  de  la  cellule  (pente  de  resistance  brute)  et  d'une 
valeur  lissee  de  ladite  pente  de  resistance  ; 
(iv)  un  moyen  permettant  d'utiliser  les  valeurs  de  pente  de  resistance  lissee  pour  maintenir  un  equilibre  de 
masse  dans  la  cellule,  comprenant  un  moyen  de  recherche  de  la  pente  de  resistance  lissee  pour  des  valeurs 
depassant  une  pente  predeterminee  choisie  pour  indiquer  une  depletion  de  I'aluminium  ; 
(v)  un  moyen  de  controle  des  operations  de  process  de  la  cellule  comprenant  ajouts  d'aluminium,  ajouts  de 
bain  electrolytique,  changements  d'anode,  prelevements,  relevage  du  faisceau  et  deplacement  du  faisceau 
anodique; 
(vi)  un  moyen  pour  retarder  le  calcul  de  la  pente  de  resistance  et  de  la  pente  de  resistance  lissee  pendant  une 
periode  de  temps  predeterminee,  lorsque  I'une  desdites  operations  controlees  du  process  de  la  cellule  se  pro- 
duit;  et 
(vii)  un  moyen  pour  recalculer  la  pente  de  resistance  de  la  cellule  et  la  pente  de  resistance  lissee  apres  ledit 
temps  de  retard  predetermine,  de  facon  que  la  pente  lissee  ne  soit  pas  affectee  par  les  modifications  du  process, 
sauf  pour  la  depletion  de  I'aluminium. 

10.  Appareil  selon  la  revendication  9,  comprenant  en  outre  un  moyen  de  controle  continu  de  la  resistance  et  de  la 
tension  de  ladite  cellule  pour  determiner  I'existence  de  bruit  de  basse  frequence  ou  de  haute  frequence  dans  le 
signal  de  tension,  un  moyen  pour  determiner  si  ledit  bruit  de  tension  basse  frequence  existe  au-dessus  d'un  seuil 
predetermine,  et  un  moyen  pour  accroTtre  le  seuil  de  la  pente  de  resistance  lissee  dans  le  cas  ou  ledit  bruit  de  basse 
frequence  serait  au-dessus  dudit  seuil  predetermine. 

19 



o> TO  C 

# Q 3   

0)  CO o>  -c  -  
UJ  >  □  D >■  <  CO  O 

/y-  S \   °  ii 

uj  >  «c  \ ^   /   OcuS  \   "J  ;i  °  e i—  vo  >  /  lu  >  tr  ^  \   >  co  l.  o *S  ft  uj  to  {  on  a:  o  x  t  _  \  
§  ^  §  \ 2 £ S -   /  

I  1  H;  \   03  /  

d  uj   ̂ > 

5  i -  O —  i 

I  I  CU  I  I 
•a  ^  - 
Q  _  _l  O  n  U) 

\ .   GO  CC  rf  — 
\ .   t:  =5  &  <  -»  Q  =J >  £  a  uj  So  2  >  <  !̂  

£  £|  ■ 

i i i s   L ^ - r J -   —   1  —   ' ,  
2  Q  uj  Q  1  *~ 
d o ^ o   1  1 k < 0 <  
\   I  I  

~   
"J 

a.  —  i  __ 
-  5  1  1  i  n  
° d   £ o  >  I  I  O  <: 

 ̂ m  2  o  

I  1  '  «- 

1  S f   r - i - 1 „   e  

o  S I   q 2   ^ - m ^   A  
«tr  ,n  .  u-  <-S  r-i  uj  CO  JHo<u  \  
<  tr  ^  uj  1  1  |Hu§   a i E u /   co 

O  £E  iii  \   w f   /  I  \   O  /  
o Y  
■z  ! 

I 

20 

1  I  <  
CO UJ   ̂ . 

S \   I  j? / s o   \   a  »  « 



©  o  
Z.  2  UJ  UJ O  g  to  i— 

8  v  ° 

[ i i   I 

1  

' 1 1  

S i   I t  
UJ  UJ  I  P̂ >. 
5 b   [ E  



CJ3  cn  j2  

O   £   ^ 8   s  g>  E - S   — 1 1 1   *  

a =   I  1  I I   1 

> 5   -  CO 

(~)   —   1  a:  o  g  o  c  
r r   o -   o  ^   1   i   - * §  
Li-  CO  _j  cc  <  3  5  E>  g  * -  
LLI  Q   ^  
1  LLI  !  l |   —  HI  CM 

0   "ia  iS 
/■  "\  co  co  ca 1  J  ~  CD  "O —  cu  c:  ig  cu 

U   £  8  o   ™  £  ^  2  °  
CO  O  Ql  X  O  
>   1  1  1  1  1 
DC 
LLI 

~   DC  O   ^ c o E g t / ,  ZD  1  1  1  f ig   | c ? ^ i = s  

" L > r f i ^ r   S i s   s  s  s  
—  Li_l  <2  <-  —  •=£  co  a.  co  co 
<C  1  —   S3  g  2  
CU  ZE1  g  -53  ■= 

^   al  o  
>   S i l l  

S 3  
<  co 

n   i  CJ>  O   -s  cr  12 
^   ^   ^   g,  £  2>  a3  ^ _   §  §  

^   m < , ^   £   i s t s   ?   .  «  o  «  
<   O   o   c n #   .3  g  a:  5 ^ 5 6  
m < ^   1  1  1  1  

| 

22 

O   Q   L 

C/D 

i i i 

X  O  
I  I  I 

r  



CO 
CD —  u X5  ° 
0   s 

T̂"  f—  O  I—  *= J>  UJ  >  UJ  u —  <c  F—  co  a 

D  V—  '  -a '•^  1  cr  <u ■  o-  d> 
J   <   ±  =  o  ■§  -i 

cz  ^ 
1  0  cu  .52  =3 J_  QJ  O  O 
I  1  9  -  c  8  J-J  a-  <s "T  uj  0  O 

/3 

O  .5  -  
:■=  E  =?  £ 
S  "5  S  S 

O  

~   £   S .  
t   CD  O  3 —  R  «° 

CD CD cr co 



/  

/  

^ -  

uj  \H 

i 

\   I  

7  <  
1  

^  
3DNViSIS3 t i   1 1 3 3  

24 





EP  0  386  899  B1 

NEWEST 

NOISE  = 0  

NOISE  > 0  

Low  F r e q u e n c y   Nofse  Ca l cu l a t i on   and  E x a m p l e s  

26 



EP  0  386  899  B1 

-0.12 
~°  -0-16 

0  2  4  6  8  10  12  14  16  18  20  22  24  26  28  30 
DAYS 

Avai lable   Heat,   % x s A / F 3 .   Bath  R e s i s t i v i t y  
and  Slope  of  R e s i s t i v i t y  

27 



EP  0  386  899  B1 



EP  0  386  899  B1 

0  2  4  6  8  10  12  14  16  18  20  22  24  26  28  30 

DAYS 

T a r g e t   H e a t ,   % x s A I F 3 ;   a n d  

B a t h   R e s i s t i v i t y .  

29 



EP  0  386  899  B1 

CALCULATED  POWER  ABSORBED 

( o r   C o m p e n s a t i n g   A c t i o n )  

0  10  20  30  40  

TIME  [ m m ]  

Ca lcu la ied   Energy  Impact   ( h e n c e   c o m p e n s a t i n g  

a c t i o n   )  for  Feed ing   a  Ce l l  

(a)REACTION  . 

(c)  SETTING 

| ^   
(d)  ADDITIONS 

8  12 

TIME  [ h o u r s ]  

16 20 24 

y   B r e a k d o w n   of  C a l c u l a t e d   E n e r g y  
~  '   -  A b s o r b e d   by  Cell  ove r   24  h o u r s  

30 



EP  0  386  899  B1 

Q  

5   CD 

180 
.160  • 

OH 

-  —  .  -\  *—  * 
1 = 3   50- 

3   3   38- 

£ ^   36- 
^   <   3/.. 34- 

32- 

1  m  (a)POWER  ABSORBED 

I  TARGET  |  1/  
(b)  POWER  AVAILABLE 

,  ^   RESISTANCE  . 

_  —  .  —  i  1  i  —   i 
16 20 0  4  6  12  16  20 

TIME  t h o u r s ]  

lJ]~j  Q  Control  Sys tem  and  Cell  R e s p o n s e   over  24  h o u r s  

24 

m .   9   
.  

Detai l   of  Stop  F e e d  

S e a r c h   for  A l u m i n a  

C o n t r o l  

0  10  20  30  40  50  60  70  80 

TIME  [ m i n i  

31 


	bibliography
	description
	claims
	drawings

